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ABSTRACT 

Over  the  last  few  years  a huge  development  has  been  made  over  the  3D  printer.  One  of  these  achievements  was 
the  (DIY)  RAPMAN  3.1  3D  printer.  It  has  some  disadvantages  such  as  the  difficulties  in  the  assembly  as  there  are  too 
many  parts  which  are  very  similar  and  small.  However,  this  research  managed  to  overcome  some  of  these  obstacles  using 
Boothroyd  Dewhurst  Design  for  Manufacture  Assembly  (DFMA)  method  on  the  RAPMAN  3.1.  Parts  are  made  using 
nylon  and  Teflon  materials  in  the  prototype.  It  saves  a proper  amount  of  money  and  time  with  a design  efficiency  of  35% 

KEYWORDS:  Assembly  Time  in  RAPMAN  3.1  3d  Printer,  Redesign  of  One  of  the  Eight  Corners,  Using  DFMA 
Method 

INTRODUCTION 

The  RepRap  project  was  the  first  initiative  act  in  the  way  to  develop  a 3D  printer  which  is  able  to  print  any 
component  needed  at  low  cost,  it  started  in  the  university  of  Bath  in  the  UK  coordinated  by  Dr.  Adrian  Bowyer,  Taking  into 
account  that  RepRap  stands  for  REPLICATING  RAPID  PROTOTYPES  which  used  the  fused  filament  fabrication  (FFF) 
which  enable  the  machine  to  lay  down  the  material  in  layers  by  the  computer  control  in  a Cartesian  platform  XYZ  and  all 
the  produced  designs  released  under  a free  software  license(GNU  General  Public  License),due  to  the  machine  ability  in 
self-replicating  the  producers  opened  the  possibility  to  cheaply  offer  the  RepRap  unit  in  the  market  as  the  first  one  was 
DARWIN  released  in  march  2007  enabling  all  people  and  communities  to  create  complex  products  with  low  cost  and 
recently  an  open  source  model  (OS)  is  developed  enabling  the  person  interested  to  create  his  own  RepRap  model  with  less 
than  1000$,  which  led  to  a rapid  increase  in  the  RepRaps  in  use  from  4 to  4500between  2008  and  201 1 . 

RapMan  3.1:  Is  considered  one  of  the  RipRap  models 

Produced  by  (BFB)  which  in  fact  two  machines  with  some  modification,  anyway,  both  units  use  the  FDM  process. 

Rapman  3.1:  Is  more  for  demonstration  in  that  it  has  basically  open-form  construction  so  that  spectators  can  see 
all  of  the  moving  parts.  The  positioning  of  the  head  and  table  is  done  by  the  slide  rod  and  Plexiglas  form. 

Problem  Statement 

• The  RipRap  manual  guide  states  that  assembling  RapMan  3.1  Takes  around  two  to  three  days  as  maximum 
average  time  meanwhile  it  takes  around  2 month  to  finish  it. 

• Every  small  part  in  the  assembly  is  very  important  and  easily  can  be  missed. 

• Almost  too  many  parts  with  almost  the  same  orientation  without  a coloring  code  or  any  identifiers  which  make 
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assembling  confusing  and  barely  possible. 

• During  the  assembly  too  many  parts  is  very  hard  to  be  attached  as  its  position  too  hard  to  be  reached. 

Objective  of  Research 

• Redesign  the  RapMan3.1  parts  in  order  to  be  easier  to  assembly  and  to  safe  more  time. 

• Create  a comparison  between  the  old  and  the  new  efficiency  table  to  prove  the  achieved  progress. 

• Fabricate  a prototype  pieces  and  assembling  the  RapMan3.1  with  it. 

Scoop  & Limitation  of  Research 

• Using  RapMan  3.1  as  case  study 

• Using  boothroyd  deuhurst  methodology  as  the  DFMA  tool. 

• Using  light  weight  materials  such  as  Nylon  or  Teflon  as  the  parts  in  assembly. 

EXPERIMENTAL 

By  the  usage  of  the  DFMA  method  we  managed  to  obtain  a proper  analysis  for  the  currently  used  component  in 
order  to  be  able  to  choose  which  part  could  be  disposable. 

RESULTS  AND  DISCUSSIONS 

In  the  original  parts  RipRap  uses  a very  complicated,  small  and  confusing  part  in  the  process  of  assembling  the 
RapMan3.1  unit  as  shown  in  Figure  1 

Three  different  transparent  pieces  with  different  shapes  with  thickness  5mm  each  size  45  *45 mm  replaced  by  one 
no  transparent  piece  with  thickness  36mm  and  size  of  45  *45 mm  as  shown  in  Figure  2 and  Figure  3 

Using  the  DFMA  tables  the  outcome  results  was  surprising  due  to  the  money  and  time  saving  as  shown  in  the 
table  (Table  1 DFMA  table  for  the  original  part): 


Table  1:  DFMA  Table  for  the  Original  Part 


Name  of 
Assembly 

Cl 

C2 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

Operation  Procedure 

Part  ID 

a 

P 

No.  if  times  the 
operation  carried 
out 

Manual  handling 
code 

Manual  handling 
time  per  part 

Manual  insertion 
code 

Manual  Insertion 
Time  per  part 

Operation  Time  [ 
C2  (C4  + C6)  ] 

Operation  Cost  ( 
RM/sec ) 

Estimation  for  the 
Theoretical 
Minimum  Parts 

1M3  X 25 
CP 

1 

360 

0 

4 

10 

1.5 

00 

1.5 

12 

0.0249999996 

0 

Stand  4#  M3  x 25  CP 
(Cap  head/ Allen  head) 
bolts  upright  on  their 
heads 

M3 

Washer 

2 

180 

0 

4 

00 

1.13 

00 

1.5 

10.52 

0.021916666316 

0 

Place  a single  M3 
washer  over  each  bolt 

10010 

3 

360 

36 

0 

1 

30 

1.95 

08 

6.5 

8.45 

0.017604166385 

1 

Position  bolts  to  allow 
part  10011  to  lower  over 
the  bolts.  Ensure  that 
the  bearing  recess  is 
face  down 

10009 

4 

360 

36 

0 

1 

30 

1.95 

08 

6.5 

8.45 

0.017604166385 

0 

Lower  part  10009  onto 
the  bolts 
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Table  1 : Contd., 

M3 

Washer 

5 

180 

0 

4 

00 

1.13 

00 

1.5 

10.52 

0.021916666316 

0 

Next  place  an  M3 
washer  on  each 
bolt. 

M3  Nut 

6 

180 

0 

4 

00 

1.13 

00 

1.5 

10.52 

0.021916666316 

0 

Screw  an  M3  nut  2 
to  3 turns  onto  each 
bolt 

1M3  X 25 
CP 

7 

360 

0 

4 

10 

1.5 

06 

5.5 

28 

0.0583333324 

0 

To  hold  the  10008 
part 

M3 

Washer 

8 

180 

0 

4 

00 

1.13 

00 

1.5 

10.52 

0.021916666316 

0 

Next  place  an  M3 
washer  on  each 
bolt. 

10008 

9 

360 

360 

1 

30 

1.95 

08 

6.5 

8.45 

0.017604166385 

0 

Lower  part  10008 
onto  the  bolts 

M3 

Washer 

10 

180 

0 

4 

40 

3.6 

16 

8 

46.4 

0.09666666512 

0 

Next  place  an  M3 
washer  on  each 
bolt. 

By  using  tweezers 

M3  Nut 

11 

180 

0 

4 

40 

3.6 

16 

8 

46.4 

0.09666666512 

0 

To  tighten  the 
10008  part. 

By  using  tweezers 

TMA 

200.23 

RM 

0.417145826659 

1 

Salary  for  average  worker  in  Malaysia  is  RM  1200  per  month.  Work  for  8hours  a day.  For  5 days  a week. 

For  one  sec  = 0.0020833333 
Design  efficiency  = 3 NM/TM 

= 3 * 1 / 200.23  ORIGINAL 
= 0.0149  = 1.5%  ORGINAL 
3 * 1 / 8.45  = 0.355  = 35.5  % BETTER  PRODUCT 
CONCLUSIONS 

Many  trails  and  experiments  were  performed  to  test  how  functional  the  new  manufactured  pieces  will  be 
As  we  get  the  results  35.5%  better  product  and  more 

As  for  the  time  test  we  get  that  we  save  around  192  sec  at  every  piece  which  propotionally  save  cost  by  around 
0.3995418  cent  per  piece. 

This  new  values  were  in  acceptable  range  compared  to  the  old  pieces. 

It  was  very  obvious  that  the  DFMA  is  very  beneficial  regarding  the  developing  on  RapMan  3.1  in  saving  time  and 
cost,  making  it  way  easier  to  assembly,  as  it  also  guarantee  the  same  results  if  applied  over  the  pieces  left. 

However,  using  the  new  pieces  will  open  new  ways  in  the  3D  printing  field  as  it  make  it  easier  and  more  efficient. 

In  conclusion,  RapMan  3.1  was  considered  very  hard  unit  to  build  and  assembly  because  of  the  very  confusing 
similar  parts  but  by  using  the  new  manufactured  pieces  using  the  DFMA  it  became  more  saving  for  money  and  time 
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